The alternate strategy of open-lake discharge may alleviate the need for unusually stringent treatment needed to meet water quality goals of the Hamilton Harbour Remedial Action Plan (RAP). The latest update of the RAP recommended a study of the possibility of offshore discharges. A study conducted for the City of Burlington has proposed a location for outfall in Lake Ontario. This paper utilizes a combination of physical limnological data and mathematical models to predict the waste plume characteristics for the proposed outfall in the lake. Near-field dilutions obtained from a mixing zone model show that, for treated effluents with a discharge condition of 2 m 3 /s at the proposed outfall site at Burlington, the dilution ratios are in the range of 13:1 to 28:1 for weak to moderate currents during summer stratification. Winter dilution ratios increased to 21:1 to 96:1 for moderate currents. The recommended site for openlake outfall provides acceptable near-field dilutions for treated effluents under typical lake currents and density structure. The extension of outfall to a location farther offshore is only marginally beneficial. With the proposed Burlington outfall location and discharge conditions, no far-field contamination is observed near the beaches or nearby water intakes for typical summer and winter conditions. Thus, this study indicates that by discharging the treated sewage from an outfall in Lake Ontario it is possible to achieve the Hamilton Harbour RAP goals.
Introduction
The western Lake Ontario shore is rapidly becoming one continuous urban community. This area forms an almost unbroken urban landscape from Oshawa, east of Toronto, to St. Catharines near the Niagara River, and is home to over 4 million residents. These communities turn to Lake Ontario almost exclusively for both water supply and wastewater disposal. Intakes and discharges alike are typically installed in a narrow band of the lake extending, at most, a few kilometres offshore. Improvements in water purification and sewage treatment technology have, to some degree, offset the deleterious effects of increased development. However, current treatment technology seems to be nearing its practical design limit, while the demand for clean water and the need for suitable waste disposal facilities continue to rise at an ever-increasing rate. Excessive loadings of phosphorus, ammonia, and suspended solids from sewage treatment plants, and bacterial contamination from combined sewer overflows (CSO) and storm runoffs contribute to the problems of nearshore water clarity and poor water quality. In addition, loadings of toxic substances continue to be a concern today. One factor that has helped to minimize the degradation of the western Lake Ontario waters has been that the sewage treatment plants (STP) of Burlington and Hamilton discharge into Hamilton Harbour. This, of course, has been greatly detrimental to water quality in the harbour (Charlton and LeSage 1996) .
The Hamilton Harbour Remedial Action Plan (RAP) is formulated through a wide variety of government, private sector, and community participants (International Joint Commission 1978) . It provides the framework for numerous initiatives aimed at restoring and maintaining the harbour environment. The RAP guidelines call for further reductions in contaminant loading over time, while continued development in Hamilton and Halton regions will require substantial expansion of wastewater treatment facilities to meet the additional demand. For facilities discharging into Hamilton Harbour it will likely be very difficult to meet RAP loadings targets and still keep up with future demands using foreseeable improvements in treatment technology. Soon, however, benefits are expected, such as improvements in beach quality due to CSO containment and water quality improvements due to progressive optimization of STPs (Charlton 1997) .
The South Halton Wastewater Master Plan is the basis whereby the wastewater treatment facilities for the main urban areas of Burlington, Bronte, and Oakville are kept up-to-date in terms of both capacity and treatment technology (W 2 O Inc. 1995) . This plan, like the RAP, evolves out of a process that involves a wide variety of experts and stakeholders, including several groups and individuals involved in RAP. Current plans are formulated to meet projected needs to 2011 as determined from studies conducted in the mid 1990s. Projections to 2011 based on development estimates from the study indicate a required increase in the mean flow capacity at the Skyway Sewage Treatment Plant, which handles the wastewater from Burlington, Aldershot, and part of Bronte west of Bronte Creek, from the present 93,000 m 3 /day to 140,000 m 3 /day (W 2 O Inc. 1995) . Charlton (1997) presented phosphorus load scenarios based on present design flows and expanded flows. He observed that even with optimum performance of the effluent plant, the total phosphorus loads into the harbour would exceed the RAP goals.
The preferred alternative of recommendations in the original short list called for expansion of the Skyway and Mid-Halton treatment plants, with the Skyway STP continuing to discharge into Hamilton Harbour. The other two remaining alternatives were also based on these expansions; however, one scheme would add tertiary treatment at Skyway to meet RAP loading targets, and the other would relocate the plant discharge from the harbour into Lake Ontario. The improvement to discharge quality that one could reasonably expect from upgrading to tertiary treatment-a very costly optionmight still fail to prevent an unacceptable increase in nutrient loading to the harbour at the projected effluent volume. After meetings with a number of agencies and the public, the alternative involving relocation of the outfall was deemed most desirable. A study conducted by Procter and Redfirn Associates for the City of Burlington recommended a location for proposed outfall in Lake Ontario (Fig. 1) . McCorquodale (1998) further noted that except during the wet weather flows, the treated sewage from Burlington STP may be diverted to the lake. However, the recommendation for partial or overall diversion of STP effluent to the lake will only be considered after all other technically feasible and practical options have been implemented (Remedial Action Plan for Hamilton Harbour 1992).
The purpose of this paper is to provide a description of mixing and transport characteristics near the proposed outfall location in the lake. This study uses long-term observations of temperature and current profiles, and different types of numerical models for near-field and far-field mixing scenarios for the total treated effluent loads. Another objective of this study is to use the numerical models to examine the near-and far-field dilutions for combined Hamilton and Burlington sewage discharged into the lake. This study has not considered the impact of certain episodic events such as upwelling/downwelling, and thermal bar on the outfall dilution characteristics, and also long-term impacts due to toxic contaminants.
Data and Methods
Current meter data include time series of current speed and direction plus water temperature. Where possible, nearby concurrent meteorological data are also included in the analysis. Locations of moored instruments in western Lake Ontario during 1996 and 1997 are shown in Fig. 1 . Time series of these data were analyzed to specifically investigate coastal physical processes under different seasonal and meteorological conditions (Rao and Murthy 2001; Miners et al. 2002) . The relatively fine (1 m) vertical resolution of current data from the two bottom-mounted broadband Acoustic Doppler Current Profilers (ADCP), and the water temperature from the two Fixed Temperature Profilers (FTP) moorings, which sampled the entire water column, provided considerable insight into the physics of the study area. The single-point current and temperature data from the Vector Averaging Current Meters (VACM) allowed at least an inference about the horizontal patterns of motion and temperature fields. The data were averaged hourly for the analysis. In addition to data from moored current meters and meteorological stations, results of the analysis of trajectories of satellite-tracked drifting buoys released in 1997 about a kilometre east of the proposed outfall site are also included to estimate the horizontal exchange coefficients required by the circulation models.
Near-Field Models
The primary goal of an outfall diffuser system is to accomplish a rapid initial mixing of the effluent with the receiving waters and thus minimize detrimental effects of the effluent discharge on the environ- ment. Hydrodynamic mixing of effluent discharge depends primarily on the nature of discharge, diffuser length, and the ambient current and density conditions. Initial mixing occurs within about 100 m and within a few minutes after release from the diffuser. The region in which this occurs is called the near field. The hydrodynamics of the near field, sometimes also called initial mixing region (IMR), are discussed in many publications, for example Roberts (1996) . In the near field, intense mixing quickly results in dilutions on the order of hundreds or more due to the mixing caused by turbulence generated by the discharge itself. It ends when the turbulence caused by the discharge collapses. The wastefield at this point is said to be established. It may either be submerged or on the surface, depending on the strength of ambient density stratification and other variables. Beyond the near field, the established wastefield is advected by the lake currents and diffused by lake turbulence in a region known as far field.
Mathematical mixing models have been developed to predict the near-field characteristics of effluent discharges. A general case of initial mixing from an outfall discharge is shown schematically in Fig. 2 . Some of the important wastefield parameters of submerged effluent discharges are: a) the height to the top of the established wastefield, Z e , b) the height of the level of maximum concentration (minimum dilution), Z m , and c) the thickness, h e (Roberts 1996) . The minimum dilution at the end of the initial mixing region (x i ) is S m , which is defined as the smallest value of the dilution observed in a vertical plane through the wastefield at the end of the IMR. Two different approaches were used to develop the prediction models: one is based on the jet integral theory, and the other on the dimensional length scale arguments. Jet integral models, which comprised most of the early mixing models, thus far, have not been completely successful due to their limited applicability (Jirka et al. 1996) . More recently, length-scale models such as PLUMES (Roberts et al. 1989 ) have been widely used by the U.S. Environmental Protection Agency (U.S. EPA) to determine near-field initial dilution for effluents in the mixing zone.
The PLUMES modelling suite consists of two initial dilution models RSB and UM3 for freshwater and marine applications. The RSB model can be broadly classified as an updated model of U.S. EPA's earlier ULINE model (Frick et al. 2000) . It also accommodates the effects of varying source momentum flux and diffuser port spacing. It is based on the experimental results for merging plumes in linearly stratified cross-flows. The RSB model assumes that the density profile is linearized up to the top of the plume, and so can be used with non-linear stratification also. Because RSB is based on experiments, it will, of course, provide reliable estimates of minimum dilution, rise height (Z e ) and other wastefield characteristics for these experiments. Independent comparisons of RSB predictions have been reported in several studies (Roberts and Wilson 1990) .
For negatively buoyant plumes, we use the UM3 model, another resident initial dilution model in PLUMES. The UM3 model is a threedimensional Lagrangian entrainment model. The equations for conservation of mass, momentum and energy are solved at each time step, giving dilution along the plume trajectory. To determine the growth of each element, UM3 uses the shear entrainment hypothesis and the projected-areaentrainment hypothesis (Frick 1984) . The model output consists of plume characteristics along its trajectory such as dilution and height of the centreline concentration.
Far-Field Model
In view of the limitations of the Gaussian Plume model developed for the north shore of Lake Ontario (Kuehnel et al. 1981) , and the inadequacy of the information regarding the flow field, a simple transport and diffusion model was developed for western Lake Ontario. For the present case, a two-dimensional (x, y) model is found to be adequate, if we assume that the effluents are contained and vertically mixed in the top few metres during summer stratification, and well mixed during the winter season. The two-dimensional transport equation for a moving patch of pollutant is given as:
where c is the concentration, u and v are x and y components of currents, K x and K y are eddy diffusivities in x and y directions, S c is the pollutant source and k is the decay constant. Rao and Murthy (2001) observed that the alongshore flow close to the outfall region is primarily oriented in y direction. Hence, by approximately aligning the alongshore flow in y direction in the model, we eliminate the necessity of having cross-diffusion terms in the model (Lam and Durham 1984) .
In western Lake Ontario the horizontal eddy diffusion coefficients in the alongshore direction are generally higher than cross-shore exchange
coefficients suggesting an elongated patch of pollutants in the alongshore direction. The horizontal diffusion coefficients also varied significantly during episodic events compared to mean summer conditions (Rao and Murthy 2001) . Although it would be ideal to include this variability in horizontal exchange coefficients, for the present modelling purposes it is adequate to use constant horizontal diffusion coefficients (Lam and Durham 1984) . A simple objective analysis method was found to be sufficient to define the flow field. It consists of interpolation of currents by radii of influence around the observed points . The currents at all current meters were first averaged daily, and then interpolated to the grid points to generate u and v components. In order to satisfy that normal transport should vanish at the stair-step boundaries, we impose u = 0 along the y-directed boundary, and v = 0 along the x-directed boundary after the interpolation. At the open boundaries, we assume the zero normal gradient boundary conditions. The boundary conditions completing the pollutant transport model impose a no-flux condition at the solid boundary, and at open boundaries the diffusive flux is assumed to be zero. At the input grid box the input concentrations are taken from the output of the near-field model, and at the rest of the grid points the concentrations are assumed to be zero. The horizontal grid spacing in the model is chosen to be more or less similar to the length of the diffuser and the initial mixing region. A central difference scheme is applied for the diffusion terms, and advection terms are solved by an upstream finite difference scheme. Thus the distribution of an effluent can be obtained by solving equation 1 for a sufficiently long period until the steady state is reached.
Lake Discharge
The rationale for supporting discharge into the lake, over and above the desire to reduce pollutant loadings to the harbour, has a basis in the intuitive notion that the comparatively huge volume of the lake and its anticipated higher energy dynamics would much more effectively disperse the effluent. In fact, mixing zone studies were conducted prior to the expansion of the Oakville Southwest-Mid Halton STP for its combined outfall. The outcome of this study showed that chemical and bacteriological parameters were lower than Provincial Water Quality Objectives at a distance of about 900 metres from the source for an average discharge rate of 195,460 m 3 /day. Not only is this discharge rate substantially greater than the projected discharge for Skyway (by almost 40%), but the updated Skyway plant would maintain year-round non-toxic effluent quality through nitrification, and non-toxic disinfection, which would likely reduce the size of the effective mixing zone even more.
Placement of an outfall from the Skyway STP in Lake Ontario is subject to physical constraints imposed by other area features (Fig. 1) . A minimum 3-km distance from a potable water intake, and minimum 900-m distance from shore would apply. This would substantially restrict the area where the outfall could be located, since the water intake for Burlington is situated about 4 km from the Skyway plant. The Burlington Ship Canal, which provides access between Lake Ontario and Hamilton Harbour, is situated about a kilometre south of the Skyway STP. The shipping lanes leading from the open lake to the canal are deemed to form a southern boundary to the practical placement zone for the outfall.
Despite the favourable inferences from the planning studies done for the Mid Halton outfall there are sufficient differences between the Mid Halton site and the proposed Skyway outfall site to warrant a very careful look at the specific characteristics of the Skyway site. The most striking differences, and ones that could cause vastly different dynamics at the two locations, are differences in topography and bathymetry. The Mid Halton outfall is situated on a stretch of shoreline that is, at least in a gross sense, relatively straight; and therefore subject to substantial shore-parallel currents typical of such coastlines (Jordan and Bull 1978) . The shore at the extreme western end of Lake Ontario where the proposed Skyway outfall would be situated curves rather abruptly from a roughly northeast-southwest orientation through about 120°to roughly north-northwest to east-southeast direction, forming an open embayment.
The shoreline in the area of the proposed Skyway outfall is predominantly parkland. The only significant sandy beach on the western end of the lake extends about 9 km south-southeast from a point a kilometre or so north of Skyway STP. As mentioned above, the curvature of the shoreline and gradual offshore slope of the lake bottom in the area impede any strong currents, which would be effective in dispersing outfall contaminants. Moreover, the sheltering effect of the north-south shore virtually eliminates generation of locally wind-induced currents for winds from any direction in an arc extending counter-clockwise from about 40°to about 180º. This includes the prevailing westerly winds usually associated with fair weather. The area is exposed to easterly winds, usually associated with storms, and often quite strong, which have the potential to generate strong alongshore currents at depth, but also drive surface waters onshore.
In consideration of these concerns and others raised in conjunction with a long-term interest in sustainable use of nearshore waters, we decided to undertake a detailed study of the physical limnology of the area near the proposed outfall. The complete details of the experimental work and historical results are presented in a comprehensive report (Miners et al. 2002) and are not the subject of this paper. From these observations, the distribution of current speed and direction during summer and winter conditions was computed (Fig. 3) . The significant feature of these currents is their low speeds. Over 80% of the period the mean currents were weak (<3 cm/s) to moderate (3-7 cm/s). Figure 4 shows the stacked rose-plots of winds and currents from an ADCP station during the summer stratified season. The currents show significant vertical structure, however the predominant direction appears to be alongshore. In summer, stratification typically developed at 5-to 8-m depth then decayed in the fall until temperature profiles became isothermal and remained so over the winter. From the results of drifter experiments con-ducted between May and October 1997, the ensemble averaged zonal (xdirection) and meridional (y-direction) components of drifter velocities were 5 and 10 cm/s, respectively. The root-mean-square values were 7 cm/s along the zonal and 6 cm/s along the meridional direction.
The proposed site for a new Skyway STP outfall is 1200 m offshore in Lake Ontario to the east of the treatment plant (Fig. 1) . The mean local depth at this location is approximately 14 m with a bed slope of 1% eastward. Burlington's water intake is approximately 3.4 km northeast of the outfall site and Hamilton's is approximately 5.8 km to the south. For modelling purposes, a 200-m staged diffuser was used, the nozzle spacing was defined as 10 m with port diameter of 180 mm. All of the nozzles were given a vertical angle of 30º above the horizontal and an alternating angle of 10º with respect to the line of the diffuser. The general direction of the nozzles should be offshore. (McCorquodale 1998) . Figure 5a shows the mean monthly distribution of the difference of lake and effluent temperatures throughout the year based on Skyway plant data. Generally, the effluent temperatures were higher than the lake temperatures; however, we observed large fluctuations in the lake temperature due to upwelling and downwelling events during summer stratification that could have significant impact on ambient density (Fig. 5b) . 
Near-Field Simulations
The RSB model was used to obtain near-field dilution characteristics for different discharge conditions. For summer conditions we have taken the mean temperature profile obtained from thermistor chain data for August (station 2), and for winter simulations we assumed homogeneous condition with 3ºC as the mean temperature. For ambient flow velocities we considered three different cases with currents perpendicular to the diffuser. The three different current speeds considered in these simulations are low (3 cm/s), moderate (5 cm/s) and high (10 cm/s) based on the observed frequency of currents at the proposed outfall location. The simulated outfall was as described above. In the simulations of near-field mixing we use fecal coliform (E. coli) bacteria as the tracer. E. coli has been selected as a tracer since microbial contamination resulting in restrictions on recreational water use is strictly determined by exceedance of Ontario water quality guidelines. In making the Burlington plant analysis it was assumed that the time taken for 90% die-off of bacteria (T 90 ) is 5 hours. The expected effluent (end-of-pipe) concentrations for the plant design flow of 2 to 3 m 3 /s will be 200 col./100 mL for E. coli after disinfection of the effluent in the treatment plant. As per the Provincial Water Quality Objectives the E. coli concentration at the beach should not exceed 100 col./100 mL. Table 1 shows the predicted results of wastefield characteristics and dilution ratios near the outfall for summer and winter conditions with different current speeds based on the frequency distribution of currents. The dilution ratios predicted by the model for a discharge of 2 m 3 /s are in the range of 12.7:1 to 28.3:1 during summer, and 21.5:1 to 96.9:1 during the winter season. Since the ambient stratification during the summer is strong the wastefield is trapped below 4 to 5 m depth. In the winter the buoyant jet rises to the surface due to homogeneous condi- tions. The difference in dilution between summer and winter is very large mainly because of the effect of density stratification. The objective of less than 100 fecal coliforms per 100 mL was met within the simulated nearfield zone of the diffuser even for very weak currents.
If the outfall capacity was increased to 600,000 m 3 /day by combining the Hamilton and Burlington discharges into this location the initial dilution rates would be expected to decrease considerably for the same outfall configuration. This is mainly because of the increased discharge from the outfall to the same ambient lake conditions. By taking the same ambient current speeds and vertical density profiles in the previous section, we carried out the RSB near-field model simulations for a waste discharge of 6.94 m 3 /s, with E. coli concentrations of 200 col./100 mL. Table 2 shows the summary of the predicted results. It was predicted that near-field dilution rates during the summer season would be reduced to nearly half of the values calculated for the present discharge conditions. Under strong ambient currents (10 cm/s), the dilution rates would be decreased to 13.8:1 during summer, and to 28.3:1 in winter. Again the objective of 100 fecal coliforms per 100 mL was met within the simulated near-field zone.
In another simulation the proposed outfall was relocated from 1200 m offshore to a distance of 2000 m from the shore. The local depth at this location is 20 m and the bed slope is still towards east. In this simulation the ambient density profiles were computed from the temperature data obtained from the thermistor chain located at station 4 and currents from ADCP station 2. With a discharge of 2 m 3 /s, the initial dilution in the near-field marginally increased from 17.9:1 to 20.4:1 for moderate current speeds (5 cm/s), and from 28.3:1 to 31.8:1 for high current speed (10 cm/s). Rerunning the model for the offshore (2000 m) outfall location with increased discharge of 6.94 m 3 /s, the model results showed no significant increase in initial dilution in the near-field zone from that at the location 1200 m offshore.
Far-Field Simulations
In these numerical experiments the modelled area extends over a region of 10.5 km in the x direction (east-west) and 11.4 km in the y direction (north-south) with a grid resolution of 300 x 300 m. For this grid interval a time step of 30 s is found to be consistent with computational stability. A decay rate of T 90 = 5 h was used in the simulations. The choice of horizontal diffusion coefficients is very important to the prediction of model concentrations. In order to simulate concentration distributions in the far field we consider two scenarios of typical current situations observed during the summer-stratified season in the western Lake Ontario. In the first experiment we consider the flow conditions observed during August 1 to 5, 1997. During this episode the mean current speed at the outfall location is 4.2 cm/s. The cross-shore and alongshore exchange coefficients calculated for this period are approximately 0.3 and 0.8 m 2 /s, respectively. During a typical current reversal episode during August 10 Table 1 . Wastefield characteristics as shown in Fig. 2 , and near-field dilution ratios during summer and winter seasons with a discharge of 2 m 3 /s at the proposed outfall site in Lake Ontario to 14, 1997, the mean current speed increased to 5.6 cm/s and the crossshore and alongshore exchange coefficients increased to 0.65 and 1.23 m 2 /s, respectively. However, to avoid complications we use the average values of diffusion coefficients as K x (0.48 m 2 /s) and K y (1.02 m 2 /s) obtained from both the episodes. These values represent the general range of horizontal diffusion coefficients in Lake Ontario (Murthy 1976) . As described earlier a simple objective analysis method was used to define the flow field for the model. In the first experiment for a discharge rate of 2 m 3 /s the near-field mixing model yielded initial dilution of 17.2:1 for a current speed of 5 cm/s which is equivalent to a concentration of 11.74 col./100 mL in the far-field. Introducing this input as a continuous source the model was run for a typical shore parallel episode occurring from August 1 to 5, 1997. Figures 6a and b show the concentration distributions on August 1 and 5, respectively, with current vectors at the model grid points superimposed. The area affected by the effluent was confined to the region near the outfall. These results also suggest that, with a discharge of 2 m 3 /s, the effluent concentrations may not extend beyond 4 to 5 km 2 from the outfall.
In the next experiment, using the same discharge conditions, we simulate the concentration distribution during a typical current reversal episode from August 11 to 13, 1997 (Fig. 7a-c) . During the first day, the weak northeasterly currents trapped the pollutants near the outfall with concentrations reaching a high of 11 col./100 mL. Although the current direction shifted toward the offshore on August 12, the current speeds were still small; hence, the pollutants were not dispersed offshore. With the increase in magnitude of southeasterly currents the next day, the pollutants were transported to nearly 2.5 km south of the outfall; however, they were shown to be unlikely to influence the region near the Hamilton water intake, even after integrating the model for a few more days.
In order to study the likely spread of effluent from an outfall located 2 km from the shore we used the initial dilutions obtained from the appropriate near-field model run, and calculated for 5 cm/s currents flowing perpendicular to the outfall. Figures 8a and b show the concentration distributions for a discharge of 2 m 3 /s at this location for August 12 and 13, 1997. As observed in the near-field zone no significant increase in dilution of the effluent was observed by shifting the location offshore to 2 km. The area influenced by the effluent was further offshore and only a trace amount (<0.1 col./100 mL) was observed near the shoreline. The computed concentrations near the beach were well below the exceedance limits set for contamination of beaches for both scenarios; however, these values could increase considerably during certain conditions, particularly during strong downwelling episodes associated with easterly winds.
Summary and Conclusions
Population and development estimates for Halton Region predict that by the year 2011 a 50% increase in capacity will be required at the Skyway STP. In order to maintain low impacts, the Skyway STP might have to add tertiary treatment at an additional cost of $27 million to meet the Hamilton Harbour RAP goals. One proposal to stay within the permissible effluent limits would involve shifting the Skyway outfall from Hamilton Harbour to the western end of Lake Ontario. Therefore, we have examined the near-and far-field impacts from a proposed new outfall that discharges the treated sewage in the lake. Based on the thermal and flow characteristics in the western Lake Ontario a suitable site would be at 14-m water depth, which is 1200 m off Burlington. In order to avoid contamination of beaches and nearby water intakes adequate near-field mixing of treated effluents is essential. Near-field dilutions obtained from a mixing zone model show that, for treated effluents with discharge conditions of 2 m 3 /s at the proposed open-lake outfall, the dilution ratios are in the range of 13:1 to 28:1 for weak to moderate currents during summer stratification. Winter dilution ratios increased to 21:1 to 96:1 for moderate currents. Thus the recommended site for open-lake outfall provides acceptable near-field dilutions for treated effluents under typical lake currents and density structure. The extension of outfall to a location farther offshore is only marginally beneficial. The far-field contamination of beaches or near the water intakes is very unlikely with the proposed open-lake outfall and discharge conditions in typical summer and winter flow conditions. However, episodic events like upwelling/downwelling or trapping of contaminants during thermal bar period will have considerable impact on the near-and far-field dilutions in the vicinity of the outfall. This research effort has also provided some scenarios for increased treatment capacity. By increasing the discharge to 6.94 m 3 /s (representing the combined flow of Burlington and Hamilton outfalls) the near-field dilution ratios decreased considerably. However, by maintaining the end-of-pipe concentrations (for example 200 col./mL) the near-field concentrations will be below the exceedance limits of water quality set by Ontario Ministry of Environment.
